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(54) ULTRAFINE SEMICONDUCTOR PARTICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide ultrafine semiconductor particles having hydrophilicity, nonspecific 
adsorptivity to a biosubstance, and light-absorbing and emitting characteristics controlled by the quantum effect of 
the semiconductor crystals. 

SOLUTION: These particles are prepared by bonding polyalkylene glycol residues to the surfaces of semiconductor 
crystals 
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[tmm 1 ] # y 7*+ u>*y a -;UBS*30iw* 

tW*^2] #'J7Wl/>? l j3-)«iA!cD- J l 

* U > y "J 3-;HlT* &N$5 1 XB 2 (cfSIS©* 
[HW814] jKUx*u>yya-;HBl3&«hyi* 
3Ki3tt©^<*iffl»Ktf. 

r* SM*« l - 5 ©t>rft*«ciE«©¥i!W*iB«K 

m 

lajjoss ] Tia-iKS ( i ) -cmtiz. as* 
t> i b mmto mj x * u > y y n - * m 
[{tn 

(fflb-JBS ( l ) (cte^r, r«*«ji^x»K«» 

7J£{T©7;M : ;l<®& < n«2 0«T©@$&£-£tt-e 

n*f . ) 

[*wdi¥Ib&iw&] 

[000 1] 

*& Stf&^f*tell©S^£«c*a«SJ8*ifc« 
[0002] 

ltE3fe©jR»] ¥&<*7^*Sii (N a n o c r y s t a 

i) KD«»aaeftt, •j^n'ta 

5 ) *iW C 4 *i*0 6 nr to 0 . MHmtfBlttm 4 

br©ttffl#»fif3nri>*. -jsrc. suK&ttKft. 
«Mfm *sir>»a&f-*s*f©*Baffffl9. s 

*mt?u - ^tc*s»(*iiaati^©striB©!Ri6*fl6*js 



(2) #Pfl 2 0 0 2 - 1 2 1 5 4 9 

2 

[000 3] ^NW**Sa©iB0R^©»«*S4 or. 

^©jt^iag^a-te*, miOTxb'^^-s 

(MBE&) . (MOVPES) . 

*3W*K*IBitf d»*f HS (ALES) ?ii|lf^ 
ns. *>3»>4X^I!Ji7 , o-fe^{cJ:0iSi,>ttK©«|fl*s 

e>ftir$$-?>iS#-?-#©!«f|ft g 
IfcjfiJfflr $ & t>©T«&*>o/c. 
10 [0004] £WMWBEflUS4«W Ucfttt^O&n 
mt. 9*. **(MtltttW**tt*tf 5r * c 4 # 
stWC**. **>S*tt4l/C. MX.BA. L. Rog 
ach6;J. Phys. Chem. B, 103S, 3 
0 6 51 ( 1 9 99) (Ctt. 2-^JU*7'hx$y-;l/ 
*>1 -^*yy-feP-;l4Sf©S<?JEc^;l/*^h7Jl/3- 
;H8©##Tr-fel/Wb*K5 9A (CdSe) 7-/£ 

S C d S e 7 >tt AOftffitcEtt 8 * 4 

«£8ftrus. i.t, e©#i£«£»©*isgfc£ 
20 MK*-rs^iflEfie*iK[^%4As. o*uttiB©^*f 

7-ah>«#(*4urfflffi-r6©r > MMKMSfM 
K£ftlW&£fMHNDM*fl*Mt:(/+t-<. S 
W»«tt«tft*ffll« t Wb 8 ■» tc. 

[0005]*fc, #fflf#l*5 990479-^(199 

9) tc«. ywttstuwimc, m&ow (sub 

stance) tcmtaJjiKfi (A 
ffinity molecules: flUBStflc, $ 

30 ffl. Kf4^©ffi^) * rjiOJj (Linking 
agent) ZftbXfe&Uc. £«&KM£J1«±&S 
« 4 1"&^3W*t -'ilSli^P - ^©«fcfc>i?S^8 nr U 

NHCONH,, m SffJ rji^Jj ««S(CB£ 
0&^*a»l4T©^fiS*r ««HM£ L . c 
ffiSK rglffltt^j 4Lrrt^> (Avidin) 
^Zbls-fbTZV^ (Streptavidin)? 
40 ©7K5?>»WlteU*C*SC4. StC^ 4^lf*3^ 
«ffcfet>rK(cj£<ffll»6*iri,'»S7ty>S4K*5 L 
XBiotin) «»4©WHfl«WP**««'«-SC 
4 K J: 0 , K * * >2S» r «St 0 /cttS©aMASJlffl ft 

<cftfi<*i®'Cbz>t<DWt&%®'<xi.>*>. ufrb. Bine 

^W«a«rlMb8-lf*lfcS;*s*r>/c. EK. ^f=ftri 
ttMtr* S 7 * s? >!S©*^ia^Si^ffi^©^fi 



(3) 
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[0 00 6]WO00 17 65 6KK, 

*is«c*f hrws? * - jwi&frf- 1 1 am®. 
®%®}mmmmi'?m<DMM#im t t, x $> o , b& 
*a < aa&f io 

[0007] 

frxttztitcbox&t), iommt. mn^yuh 
*u>?v v-immzmmictii&Lx^ z, mitm® 

[0 00 8] 

Mcf^3tts#'j7JU*u>^y:3--;i>g|S£. m 

Koo-jfrnytmwmm oil r^-j 

c <b £^b^T?©H&ft&8SIii-c&.s ) 

[ 0 0 0 9 ] Wt, *^©m 1 ©StW, V 7 A"* 
UVi^'j 3 -jp^»*SSk:*S^ LXtj:Z¥m#m8m 
K#*V*^ISW©l&2©giW: t ^Jl'^T'h 
S*W-T<E>ii<U7Ji'*u>i"j3-;l'K:«t.2.ie{4-T-35[» 30 

[0 0 10] 3 6«c*^Bj©^3©gi'«i > #>#>S¥ig 

mmiLi-it*®mi<iL*tLxm2tiz, Tie-as 
S; (i) •c^$nsco-^^*'/hfliWK©h yxg^u 

[00 11] 
Hfc2] 

(fio-^s; (l) tcteor, Ri<z*mm*Mmmm 
na*r 0 ) 

[00 12] 

a\ tbhbw (2) rasttsmi^?**. 

[00 13] 

Ht3] - (^O) B -R 1 (2) 50 
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(fflb-fiia (2) tC*Jl»r, R*ttiaR»2^6<Z)r 

*^a* ttMKi oar©ry-;wiac;«JWB[2-5 

Htt* (2) fc*»4R»©J«M*£Urtt t X*U> 
n-^oei/Vi, -{V^Pfl/^ n-y>b 
-YV^UVS, n-*-<>?-U>a, i/>7d^> 

*»2^4 07Jl/*U>*#, H«?£0<tex^U> 
n-ynt'U>S, ^v:/Pfcru 2 

ffifflsns,, -jfes (2) Kfcur, i£&a*fc«8Hi 

[0 0 1 4] -MS (2) CCbtfSR'fcttfflStiar 

)i*)im<Dm9it urn x*)im % n - 

7'ntvi/a, ^y^qe^l, n-^^;ua v ^y^^ 1 
^S, tert-^^;ua> n-^>^;l/a^ V^P-^ 
>^;ua, n^-M^va. l/#u<\*i/)l& % trx;l/ 
a, ^>^;va, ^->i^<>y^«|*J»fcf6ti, 

a, -fv^at;«»©«3R»3aTor^*;i/»^, 

f-;U7*x;uaK x^L/?*- 
;ua, «Y y y*P bMl/? xxjua, 4-tert- 
7*^;US/ t^xji/yx^;U8, b*'J^;l/a, ^r-/^^ 
;i/fc-y^;i/S, ^^;i/fy^a^^^6n, 

a, ^nhy^fju. vu+^;ua^^tfe>n, 7j<?g 

^r^kiRK^t) R 1 i »accfl8ffl 3 *i* # % c oii 
^ffi<D7kKS^)SL7j<»i^^fc^-5>y-p h >^ 

[0 0 15] &*5 % iJBBW^OR'cOfttWrjSO^*, 
^;ua, fcfx;^>S/;i/a, t;^;U7x^;l/a, 7^ 

yp>f;ua, ^d?^yp>f;ua, ^Ph^>f^a, vu 
t^^a^a^tta^rffli^i, 

(2) KfettSSft&ftmtt. »*0<tt40«T, 



(4) 
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[0 0 1 6] -«« (2) ©»fc#*U>*J6£l/t k 
(R l #x*U>£ t n = 
3) ECCtfSLl^WR'^^SXtt 

xfjnr*-s h yx^u>yy 3~;i/<t>>7;i,+;ux 
-f^WBS?*^ *fc#*u>©ttR"jW*;u*r 

( WTM T E GW£ t ISiS ) 

[0017] **a#yrju+u>yya-jw«tt, 

JCtt % pOPa^FS <M***-;l*: SH) % XjU? 

F*§£ (JMfo**x-^;i/|S£) s *4W**;*;i/:7 
-r F«f^ (-S-S-) % **JMI« (NtfCSN 

h.) vosttiHtft, *X7 pa <o= 

mm t ommo^mmm h wbjw m « 
^i§<bbr«, aa-raco-^^^niisKo^yr 

;U*U>yya-ji/x^f'iH(©tt k TiB-M^ (3) 
rsstiaco-^ji/^^h^yr^+u^yya-^a 

[0 0 19] 

Hfc4] HS- <R»0> . -R 1 (3) 
{Bl-Bft (3) fcfcW&R\ R\ S^micn^cD 
#* U>»£©W^tt£TOTEH»5S (2) ©J#££|6j 

— 40 

[00203 *m<D¥mmm&K, mro* y 
7^*u>^ya--iUj»td*Lr^T*«bft(r». 
[G>-^;u*^HBKflBBa] *»H«:*c»r#yriU 



[0 02 1 ] 



X&B, THB~S5^ (4) r 



0 



(4) 



{BL-jKS (4) «c48l*Tp»2 0JMT©i«a»4, K 

*ft«eh*r. #y7^+u>*ya-jwa*£ 

co — )\>ijJ* F n»MSai 4 <DIS£«5«C ttMR tt* C > 

ftfiB-j&S; (2) KfcttSS^R'cD^M-? 
ifjfB-fiJS (4) Ktol1Z*J)l#-)l&<D&&£M&t 

MtaiwweMf*fti>xmttr*i&i 75 f 

7 5 F©W*Pl<Jttr*S. 

[0022] IBfiT-i LT#£ L < ttflSS 'J 7^ 
+ u>^ya--;l/»S<fcG>-^;U*^hfllISHS®i^ 
ttdLfciHMWli tms-®5£ ( 1 ) vmti 
©-^;u*^HlBM©h yx^u>yya-;ux 

[0023] 

[fte] 



(1) 



OT<D7;u*;t/g£, ntt2 0«T©e«S»**ti*ti 
SW. Rtur«ws*i*r;u*)Wicc>0|3Rtt % he- 

«K (2) £fctt*R'©i#£<h|EO-r&S. 
(1) fctel»ra«t«ntt % »*U<«1-1 7, HOC 

c © g$ss n <Dm& 6 ear* * i %m»&&*mti> 

6£g 0 r *<D WS*»ft tSSftf «*MbPJl 6n & 
»K»*Ll>*#W{t^*il/m TIB 
S (5) ©1 1 -^;^^F-)>f^>iMTEGxx 

[0 024] 
Hk7] 



HS (CH.) 10 COO (CH 2 CH,0) ,CHj 



(5) 



BtfiB-^S (1) <Dx*T)\,m*. HjM % 3-^;U* 
- J ;u^7 ^ h fl§^ i WJSS©^ y 7^* u > y y a 



50 



xzrfrt mi%m<D # y 7 ju+ u > y y a -ju <t 
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P®KZMV¥®ls.fo*m&?h) . ft<a-y;Ut;:7h 
b'&WHtitff&rtf x ) 7;l>* u > if ') a - 4&1£K 
[0 025] ^93©¥*ftBfttt 

&cfria# y 7;M* u > * y a- ;W£S**g£ btc t> wc 

[0 026] *$m<<cm>htiz>mm£kte> m?m 
mk. j; o mm h >«»*«**oi»ifijftx 

H;i*K#r3fc©r*S©:WSU>. lSffl±#tc 
Wffl<c©«*»[filiSH«»«^~^«(«©*'C* D , 
il^l 50~1 OOOOnm, JfS b< U 1 8 0~8 0 
OOnm, S^Jf*U<«20 0~600 0nm. &*> 
*f*L<«2 2 0~4 0 0 0nmgg©|iffl-C*5. 15 

*£&©&&«:#<#-*-£. 

[0 027] |fc¥*tttiJltt. filft^il 

«£4ioTI,>r«>«*)ftl>. *>*>*^N?tt3eS©i&S 
«. ft^fiSil-TjllgO. 5~2 Onm, JtiRSIftS 
K J: a®«#fcfi©IWfiPl4©£rj>?* L < » 1 ~ 1 5 n 
i, JgtC&?£U<tt2~l 2nm, I, < «3 ~ 

lOnmifS. C©ft¥*H&&©9H£K:tt. 
;M£*mftttTO&lg«HMktt (T EM) H*ft 

c 9 i/-c«3e3#i*tta*fflv>. «*.«&»© 

ft (tfcitA&a^-fft) «njaw*ir»ci««a«ffl*b 
< . *»wfc*ji>r», S3H4©*fM^tcjMtfnfc 

MEtt^FftOftfti L-C^grfe 5 OfflfiU:. » $ L< tt 
8 0fflei±. Mfc!l?$L<«l OOffifeLhi-T*. ttft 

#* i3 . -*ft»¥*tta*«/h s * * s 4 Aft 

*. 4Witt*ttM?&7G)toJlt?' WfftVNS < T E 
Mtt£(c*si? & tt?«tc «t S3 > b 7 x h < c»« 
^fctt. ^^^^©/l^lB^ftSifil (AFM) (C 

[0028] mmwrnomk^mmiu^ifi. 
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*«*is^©x+i/ h ^mtmmmt *>*. 
^tc «SEi&s^^*i* < -r €,3&s, ant, fcttHBj&tL-c 

±4 0%«f*J. »*l/<tt±3 0%«F*j > WiC0tb< 
tt±2 0%«f>9. fttJf*Ktt±10««F«Ji'r*. 

>ft»**©8«**!*< tzmz-t-Mcmf&tz c 

4*iHft4ft*. 
10 [0 02 9] [^^«©«Udt] mB^Mt«A©IH 
fSmfflfiSS-ca-ri. C. S i. Ge, Sn^©MIW 
*»14«l7C«©m P (H'J» «©jaxi&&i 5 

mmom. sene ^©iiwam 1 6 muMom 

f*. S i C«©ffiR©AXeS* 1 4«f7cJR*>6&*fb£ 
«5. SnO„ Sn(I I)SnClV)S 5> SnS„ S 
nS. SnSe, SnTe, PbS. PbSe, PbT 

^BJ. BN. BP. BAs, A1N, A 1 P. A 1 A 
s. AlSb. GaN, GaP, GaAs. GaSb. 
20 InN, I nP, 1 nAs. InSb#©jgR5^Hl3 

mtmtmm.m\ swt&toxtgm c**i>«ni 

-VBefc£*MNW10 . A1,S„ Al.Se,, Ga, 
S„ Ga,Se„ Ga,Te„ ln,0„ In.S,, 
In.Se,. I n,Te,«©JHXIIffll31@GX4MQ 
«W168oeR4©{bd«. T1C1, TIBr, Tl 

i m<Dmmm 1 3 sass tmmm 1 1 m^m 1 ©<b 

^J, ZnO. ZnS. ZnSe, ZnTe, CdO, 
CdS. CdSe, CdTe. HgS. HgSe, Hg 

30 it&b (**i»ttn-vi*!ft^«*JW*) . As.s,, 

ASjSe,. As.Te,, Sb.S,, Sb.Se,, Sb 
,Te„ Bi.S,. Bi.Se,, B i , Te,#©J3l»Hft 

mi bm7i.mtwmm.m1 esOTjR4©fb^». cu, 

O. C u , S e9©JSX8ft* 1 1 «7cX£JHIBSflr 1 6 
K7C*i©{b^, CuCK CuBr. Cul, Ag 
CI. AgBr^©JlJ{8ami lSOT^i^JW^l 7 

JBSJBfl 6 1^6*4©^%. CoO, CoS^©MIW 
«»9fil7C}R4S»ami eBlTcJRi^b^*. Fe, 

40 o<mmwm, ? esm®mm%zm&tm 

mm l 6)^7cJR£©{b^ MnO^©Jgft|^7l^7c 
JRiBWami 6^7c3Ri©fb^, MoS„ WO^ 
©«I«!«»6»OT3R4iBW^»l 6»OTJI!4©tfc£!Bj, 
VO> VO,. T ai O,^©^»i^5^7U^iji»i^ 
»1 6«?5BR£©{b£». TiO,. 11,0,. Ti,0 
„ Ti,0,«©Btfb**>» (MHtt^^AB. ;u 
?ji-/Ttf — fe?©iBffia, rt^--fe'M©i»-rn-cfc 

168oc*4©<t^«. MgS. MgSe^©MI»!am 
50 2JS7C^4ii^^l mimtOit^ CdCr, 



9 

0«. CdCr,Se^ CuCr,S <4 HgCr 2 Se< 
£©#Jl/ay>Xfc:4ul* % *St>ttBaT i O s *# 
ft to, G. Schm i d6 ; Adv. Ma 
ter. , 4 ft, 4 9 41(19 9 1) fc*#3*va> 
S (BN) „ <BF,) i.Fx,*, D. Fens ke 
6;Angew. Chem. Int. Ed. Eng 
1. , 2 91, 1452H (1 990) fc«ft3*ra> 
SCun.Se,, ( h tfi^W«X7 4 » ,,©J:5K: 
«iSco?l^ $ c » S ¥*Sft * ? a * ~ t r«k:m* s 

[0030] tft&©5%gffl««:*B&fc©tt, MX. 
KSnO,, SnS,, SnS, SnSe, SnTe, P 

bs, Pbse, p bT e^ommmmi 4m7cmtm 

JB8#1 6*OT*<fcflMb£«, GaN, GaP, Ga A 
s, GaSb, InN, InP, InAs, InSbS 
<DIII-Vmit$®¥m#. Ga 2 0 3 , Ga,S 3t Ga, 
Sej, Gajej, I n 2 0 3 , In^,, In 2 S 
e„ I n,Te,«CDMH«»l 3tt^<bjma&*l 
6iSOT*£©flrfMS5, ZnO, ZnS, ZnSe, Zn 
Te, CdO, CdS, CdSe, CdTe, HgO, 
HgS, HgSe, HfirTe*©n-vrtRfb^«*» 
ft, As ? 0 } , As 2 S 3 , As,Se 3 , Asje l4 S 
b 2 0 3v Sb 2 S„ SbjSe,, Sbje 3 , Bi 
2 0 3 , Bi 2 S 3 , Bi 2 Se 3 , Bi 2 Te 3 m<0®mm 
1 51S7C*i«)H*»l 6R7C*i©fb^», Fe 3 0 4 
9©BMb«aK>F e S .90JSIXI«m 8 Soc3R & JH JtlM 

i8»OT*±©{b£«, unaowb^aevw^zro, 

MgS, MgSe9©&Jffl^S&2i^*£JgW*» 

i 8*saicMb£*rc*«. 

[0 03 1 ] Cft6©*rfc, SnO,, G a N, Ga 
P, ln 2 0 3 , InN, InP, Ga 2 0 3 , Ga 2 S 3 , 
ln 2 0 3 , In 2 S 3 , ZnO, ZnS, CdO, Cd 
S, fK«{b**>B*ZrO t , MgSfi«l« 
•*WJ-*«flW***) Lfrt>»tt©i*^fctt7»*£* 

ttc>©TWiw«5»!ft^»^©«^©jSrff* b 

<, COMjSTttSnO,, ln 2 0 3 , ZnO, Zn 
S, tJI2©«ifcf'*>a+>Z r 0,9©*&©Xl>Mfi 

*WMm©IMb**>ai mJ3^tt©fc#Ccte;i/* 
*OIM#^#SU0 ^ZrC^O^IRiMb** 

m^o^mm^t^^im^mnA oon 

- (C o t A l ottefttbtt) ?7MmK«JRtt© 
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[0032] mmmcmmmmmt^ommyt 

JfrMTTiGaN. GaP, G a A s , InN, InP 
^HI-V»{b^«*»(*, ZnO, ZnS, ZnS 
e, ZnTe, CdO, CdS, CdSe, CdTe, 
HgO, HtSWon-ynMteWmfc* in,o„ 

i n , s,«H»r« o , $vbmm&£k®im®m 

mtftftmfrWmWtZnO. ZnS, ZnS 
e, ZnTe, CdO, CdS, C d S e^C7)II-VI^ 
*b*«*»*(rc*0, ftfcZnSe, CdS, CdSe 

[0 03 3] «rffirM^ufcff«©^^ea©fijs!i^ 

£LTM*.«A1, Mn, Cu, Zn, A 
g, CI, Ce, Eu, Tb, E r^©7u3R*Jn^r 

[ari/*>i«*»#*sii] nriB49fttia». m*k 

A. R, Kor tan^; J. Am. Chem. So 

c. , 1 1 2«. 1 3 2 7H ( 1 9 9 0) 

«tf 5 9 8 5 1 7 3# m ( 1 9 9 9) CCflfeSfiT 

SW-CrtS (37) tm& (isxfr) J&>6&*l»fe*>& 

c©« 

^x;KD¥^f*^CD*M<bUr, StMffM (A> 

[0034] &frzz/*)immiim^btiz>¥-mi*m 

iJ:*#, ^*tttSS©;0 K* t » ^WaUE3 0 0 K 

N, BAs, GaN^GaP^©III~V^b^^ 
ft, ZnO, ZnS, ZnSe, ZnTe, CdO, C 
dS9©II-VI^{b^*2Sft, MgS^MgSe^© 

waccffli^nSo cn6©9%<to»*Li^*;i/4 

40 %&¥mfct&&mf&te. BN, BAs, GaN«©lll 
-vmt&mm»s ZnO, ZnS, ZnSe, Cd 
S9©II-VI«Hb^Bl*»ft. MgS, M?Se?©)| 
Kg^2^7c^<bjil«8^ 1 6«OT*£©ft£W9©'t 
;i/^ttJS©^> K+> ? 7'«g3 o o K(c*ir»r 2 . 
3S*#;l/h&±©fe©r*»3, *fctf*U^©ttB 
N, BAs, GaN, ZnO, ZnS, ZnSe, Mg 
S, MgS e«©>W F¥+ ^ 7"^SS3 

0 0K«C*Jl»T2. 5^^;UhW±©^©T^>D, fb 
^^±Z n St»4*fiitCttfla3tii. 

50 [0 03 5 ] *^0C*5^^>^#ft^ B H H tCffl^6n^^ 
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mtit, CdSe-ZnS, CdSe-ZnO, Cd 
Se-CdS, CdS-ZnS, CdS-ZnOW 

mw)mm+] mmomm^mm^ mm 

IB* U t;u* u>d/y £ 

F-n-:7p;*>, l-y^*^h-n-^* 

1 -y^rtt/F-n 
7 Y-n-fX^OJfriozfY Thills^ **7x 
4-y^^*y-;k 4-tert-^ 

©**7xy~;l^2g{* v ^^x^tf+^F. i^x 
**;l/*;l^^>F\ y^Jl^JMs+i/.F, 
XjU#**/F\ ^t^Jl^Jl/jfr+VF; Vfi/foXfo 
fr^is Ft£0S?7rt>*^*Jl/#*J/FJI % 
)\»y 4 F\ ¥±*)\sV7,)\>y 4 F\ is^^hVXfry 4 

(b) >j>£fflbd*- • • hyx^^^>, f 

*7-<>S> F 'JxW^7-/>*^K, hy?* 
;U*X7 ^ >*^>F, h'J^i/WX7-{>^^ 
F, hy***^*X7^>**^F (B^TOP 
0) % h'JfJ/^^^-f >*ti/F, Fy*(3-fc 

( c ) ft*3ft{b£« • • . • tr <; ; y >sw>fi 
*£*9J«JHb£«. ^x*;U7 5>. V7*to7% 

t/7x^7;>, ^>^;l>7 5>, >>x£y 

;U7S>, ^^^r>Jb7;>, 7xx;U75>, ^> 
2-7 5>>x*y-;l^CDl»7 5>8> 
x h y PHSM F y x f-;U^OT ^ 

[0 03 6] cn6«*Lfc*l»fl9Effi : F©5t»*U 
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1 -yjUtft/h-n-T^X l-y;l/*^F- 

&T©^#7'h7;l/#>^ 4-^ 
9-)l?ty*s-)], % 4-tert-^W7*y 
-;l^<D^*7xy-;L/g§gft v 
F, ^x?;U^;l/**^F, y^W^*tS/FW 
*tKK»8«T©^7^*JUx;U**t/ FSIfCDRSJS 
Wfb^* % Fy^;v^^7^>, MJ"^>;u*X7 
F y *2*frfrzy 4>Q<m$&»2 4&CF<D 
10 Fy7JM i ;i/#x F>Jxf;i/^7Y>t+ 
*>F\ h v?*)i*>zy 4>***sh\ n;^+j/;u* 
^7^>t^F, F y*^JU*X7 4>**^F3? 
©H«aaRtt2 4£tT© F y 7;U*;l/**7 * F 

Sf©y>£*rfb£^ s^ttf^r^^i 
gt7$>Sr*>^ *rfcpOi/#7*hx*> v 1 

*^h-n-^dr>«©K3R«!4£iT©^^*^h7;l/ 
#>5S> ^7x;-^ 4-y ^*:t7xy-;k 
4-ter t-^;W7x/-;l/*D^7x/- 

mm#m<Dmn$Gite®> b y t^;i>**7 * 

20 F y i/ X 7 * >9®iSttXjK 1 8 WTO F y 7 
F y 7>JU*M7 ■{ >^^F, 

Fy^*V;U*^7-{>**t/K»©i*R3RB[i 8OT 

©f y7^*;u*^^ -f >*+i/Ka»©y>*#{fc^ 

[0 03 7 ] [4om*ttJloHfi^£] ttfcffbftTl* 

30 (a) MI4*^^*®4^S^*05Sfr^^^<tLr 
r^5-fe;uffij wa«b. s. Zou 

6: Int. J. Quant. Chem. . 72^, 4 
3 9 (1 9 99) KftSZtiX^tt&VbZ. Vim 

40 ii^ab^ 0 

( b ) mmmzisuomsmmtmctzAbxte 

0, mKfWBOKa t a r i 6*©*3Wc«feSftr 

tttc«hw^Ka«^^**»ik^**^ ^7 f 
50 *^^») tbxmmtxz. &&mmmmt&m<D 
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mtbxitt* iwbf ';rw*x7 ssfan; 

^ >t$<Da> -7 * y 7n^>S, f9IB^r^+;l/X;i/^ 
^^K«^W^>n^ t ft 605^ MBOTOP 

( c ) ane®* v v v-^mmmmmm&z 

P. A. Jackson; J.Cryst.Growt 
h, 3-4^, 3 9 5M ( 1 9 6 8) «) „ 

[ o o 3 8 ] nr«B3 ^(omm&Jimcm *jmmm 

mtz<D*v vv-7m?\t, y^;i.#Fs£A*>yx 
*)\,mm<»^mtmmt % * u >m#* h y * 2 

h 'J^;l/^X7 -f >*©3fi#*:7 -/ > 
a F«©*A3^-F7aiSfk*»itT0P0*rfil6 

s-a«*tt3w»aK:«i»6na. $fc, tne (c) <d*s 

jSSflSrW^aiJfbffilB^BJBr L. Spa 
nhel6; J. Am. Chem. Soc. , 113 
*, 28261(1991) «ClB«CD*Mffitti*tt^ 

<r>6*i*. ^^JRt44Ht«stlfHI»^«^. Cft6£ 

[0039] ¥m#mmt&fat &*»tt7G*£Wb£ 

* v >> •> A«0jMB*H 2 j^SS^y 7 >b*;Wb 
ft, ttft^^v^i/'jA, ^{b^^v^**/^ 
A, 3^b^Jl/Vi/*i^A, £{fcx^x;Uvi^> 

■Mb v ^ mommmm 2 jscx® y> p *» w t 

ft, E9&fb**> (iv) v 0£{b**> (iv) % 033 

<b*#> (iv) mommmmAmTmo^u^im. 
rMit'itvyj* (11) v mmt'itWA (iv) , r 
JWb-n*y5A (11) , HJMk^ty^A (iv) , is 
■Mb^ty^A (11) , as^b^y^A (iv) , e 

Wb (V) t EJWfc*>** (V) . S3^b 

*>*;i> (v) <toa«a»5«s»©^ay>m 
zm^oa (in) t H3^{b^PA (in) , mmt 
*V77i> (iv) s HUfb^ey^v (iv) , Ha^ib 
(iv) % ES»b*>yxf-> (iv) t H*ib 
> (iv) «OMffiK»61li7clRo^ay>{b 
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ft, r.ffi<b^>#> (11) , rmbv>#> (11) , - 

3*{b*>#> (id »©«i«a»7jjsa5<DAoy> 

ft*, -Jttfbl* (11) , =mm (in) , r*fb& (1 

I) , HJMbR (in) > -3*{b§* (11) % Z3^b& 
(in) 9fl!)JBJBaW8K7E*D^py>fb», rWb 
="Wh (11) t (11) , rs^bs^ 
)iv (11) »©«H*»9K7aR©^oywb«, 

fc-srfriu (II) , rJMb-?4r>l/ (II) > ra *<b^ 
^^r;U (II) 9©JB«a»l 0«Sc«©^oy><b*I, 

10 3«Mbii ( 1 ) mmmmi \wm<o^xi^y\t 

y^^JU^F^^A, yx*ji/#F$2A, y> 
^;P7j<$S (11) v i>^)iym (11) , y^>y;i/*S8 
(11) mommmi 2«oc*©yTA*;M», ^fb 
y^;«lfl, JMb^^J«ls, 3^{b^^;«lfi, 3^ 
^bx^;«|&, ttfb^^l/^Ks^A. ttft-^^^*ffl 
(11) *©JBW^l 2«ga©r^*;^ny>ft 
20 ft, itelbffiiS, -H{b®i&, rs^fbffiis, i«^b* 

F^^A, r^{b*F5^A, 13^b^F5^A, 1 

ftfb*« (id . mtawtmta. mtswtofsv 
a, S{b3«i7{b*li (11) , MtavttSto* Mta.* 
ft*F5*A % JMba-J^bWB (11) 9®jaxgfttni 2 
«Sc*<Dy^oy-wb«j, hy^^u***, hy-n 
-^otf;u*»>jR, h y v^Ptvu^^jR, hyy^ 
jut;u^x^a, h yx^;i/7Ji/^ x^a, h y - n - 

a, h y ^^^^ur^ax^A, hy-n-^>wfy 
30 ^a (in) % h yy^;u-f>y^A (in) , hyx^ 
;u>f>y^A (in) , h y — n -^w^W (1 

II) ^<Dia««»i 3«Sc*oh yr^+;Wb», Sfb 

{b^- n - 7?)l>7)\< 5 x^ a, *fbyx.^;ur^5 x 

^a, 3*{byx^7;Mx<5A, ttfby-n-^* 
;i/^y^A (in) v tt{by-n-^;w>y»?A (1 
11) 4Fonxessri suscjRoyr^+^^^o^ 
fbft, r^b^^TJU^x^A, r^bx^ur^^ 

x^A 4 H^bx^;l/7;l/$x^A, 13^fbx^;U7 
40 ;1/^x^a, Zl^bn -^;l/7;l/^^A 4 l&fbn 
(in) , iWbn -^;i-Y>y^ 
A (in) «®J>ttS9l 3BSE*©*^7^+Jl/y^ 
py>fbft, HSfb^^^, z^fb^^^, =3^{b^ 

•J^, ~^{b7^5x^A, H^fb7;l/5X^A, Z3 

Wfcr^uiA, z^b^y^A (in) , z^fb^/ 
y^A (in) v H3^b^y^A (in) , 
y^A (in) , =*{b-<yy^A (in) , 
>y^A (m)\ rttfbWb^y^A (in) , ~mt 
avittiWJ* (in) t mtziavititV')* (11 
50 1) t -Wba^fb-oy^A (in) mvmmmi 3 



15 

v) , mmty)i<-?~?& (iv) % aawt#tov~v 
a (iv) , =mom (id . mmm dv) . -*ft« 
(id . QMbfl (iv) , ~a urn (id , egn{b&s 
(iv) % -mtr.avm (iv) t Q3^{t$i (iv) v 
-mm (ii) , rjkm (id > -3*{btt (id $ 

F y y^-jbr^^^ (m) % Fy**;i/7>**> 

(III), hV-n --7* fr7>9-*> (III) % F'>M io 
f;l/^7X (in) t F yx^H^v* (in) , F 
U-n-^f-Jl^Xv* (in) 90JSffi%^l 5^tc 

*©Fy7JM a ;Wb». ~mu?fr7>**> (n 
i) % r.mtjt*>i>7>?*> (in) % zi3$fb>*;u 
7>**> (in) % r3-)<tx^r>^o (n 
i) , rteits* (in) , ra^tx*^ 
7,^7, (in) 9©jg*MiWi sieE*©*-^;!/*^ 

P^O^>m Httfbffi* (III) . HJMbtt* (II 

i) . =3$fctt* (in) . =ttft7>**> (ii 
i) , HAft7>**> (in) , =3*Mb7>**> 20 
(in) , z^ttr^vx (in) , zUfktrxv* (ii 
i) , zawt^?; (in) 9®mh**i 5«eaR 

©F y^P^>{l^**tf6*i«. 
[0 04 0] ftfc* E»(kW7^^A (IV) , H*{t 

Vjiv-Va (iv) % H3^ty^-*>A (iv) . r 
«{bffl (ii) , 0£{b$S (iv) , r^fbH (n) , 
it® (iv) , r.3*{b*l (ii) , BMW dv),rs 
fbrs-jfb* (iv) % es3^b» (iv) % -«wb« u 
i) , =Mm (ii) > r.Bwm (id 

^i4lS5c^©*^b^7JU+;Wt»«, Wcs 

i, Ge, sn m<omm 1 4 mtmo&mmwv 

[0 04 1 ] ^»M^Hb^i«:^l»tt7cJRdWfb^ 
$J©{&l<b LTtt, SIR, 'JX Bt*. 7>^*>, trx 
H* % m *Aok 79*. tt* t A 

*. 3^M^jH««»i5-i7aeaR©|ift % r> 

*~7, ^X7^> (PH,) , TJl/^> (AsH s ) t 

t> ( s b h 3 ) moftmmm 1 5 sot*©**^ 
«j, Fya (Fy^n^y^) 75 h u ^ < h y 40 
ftz?4>, F ya ( F y>^;i/^y 

ft**, -tel/Xt**, ^WbK*»©«««»16 

85c*©#*fb«K trx (hyy^uvy^) 

F\ tr* (bVJ?)li<V))s) -te u- F«©JM(Mft 1 

6fcjaR©j/y;wi«* 8Mt*Fy$A, -feuwb^F 
y ^ A«©ja»«» 1 6^7c*©7;i/^7 ijftHi. h y 
y*j|/*^7-f F\ F y^**/;!/**:^ > 

7s)VVaY. F V*9*fr#Z7 Al/TshV a F\ F'j 
^JU*^7^>-feU^K, F y^*i/>b*^7 50 
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U~F\ F 'J***^**?* >-feUx F«©F »J7^ 

*, gitim. a vitTkmmvmmmn 1 7 &tc*©* 

^OSF, hyy?iPVy^3-y F4WMRWV1 7 

*5c*©j/yiWt**»fcf6n*. cn^©^>^, sj« 
ttWb^cMRjat • w»©jar % y> % a*, 7> 

jgw^mi 5-1 7Ktc*©#^, h y^ (hyy^ju 

5/>»©«JB»»i 5i&7c*©^y;Wb* »{fc**, 
■bl/Xt**, ^WI**9©JB«iawi 68SHR© 
( h y^^>y;i/) * F, trx 
( f y y ^;k> y ;p) -fe F«©jntw* l 6 ^tc* 
©^y;Mfc«J,' UMbthy^A, tl/Xtth^A? 
©H«a»i 68OT*©7^*y*«tt, h y^i^* 

F\ 

F, hVfP&fr&ZV 4>Z)V7 j F, hy^iP* 
X7^>-teU^F> F y^*J/Jl/*^7^>-feU^F, 

F y t^w>x7 ^ >-feu^ f*© f yr^+jp*^ 
7^>^ny-FS, F y^^^y^^ay f\ f 
y-rf^jbi/y^as F\ Fyy^5/y;i/3-yF* 
©mmifn 7«sc*©s/y;Mb«rtf3&s»jiiccfflt^ 

*rfcy>, Bfc*. 7>^*x mi. -feu>»© 
j^«»i5ac;i6K7c^**, Fyx(F<;^^ 
;i/i/y;i/) -f F y^ ( F y^^;bvy;u) 7 
;^>*©«wa»i 5«OT*©2/y;Wttt, ( F 
yy^vy^) ^;U7^ f, tf^ (Fy^^u^y 

;b) .feu - F*©HJH«»1 6JKS*©S/yjWb«J % K 

fbtFy^A, ■feu>fb^Fy^A«©ffl»«»i6JK 

5n*©7^*y^fe)Btt, Fy^WX^^X^-f 

F, \> } )*??)i'*Z7 4>Z)i>y 4 b\ Fyy^A* 

>-feU^F\ Fy**^*^7-{>-feUJ.F» 

©f i/TMwx^^^May- Fm«m«cffji 

[0 042 ] ^CCS?^ L^«tBW6*ttr*** 9 F V 

-^oc^w^friBM)NHb^B3©sfe«*B^©tt^3fa 
«cttWRtttt^*j, 4fisr^*^*s B H B ffisteT©«is 

iMit*<1"*HA«:B0. l-6 0#HS©SB$racc 

350 e cfis©5tssKr 1^-10 Mfmmmv&z. 

[0 04 3 ] **** v F V-^ffirt**»«SIM)flt 

«««»©«», **(r»ttttw»3«BFair**. tt 
ite©»*bi^»&*)att«T©ai3r*&. ip 

6* B0£«©H<bjafl!K:S6«c^sacc»»aF;bx> 

*^**>9*aMiPbraar©ifbtt*»«L, 



Cio) 

17 

v^mwmm^ofum, wam:-**^-^ x$; 

[0044] [#y7;l/*U>^yn-;l^S©¥gft 10 
*fift*ffl^O*S^] SWBfcflK* bit J: 5 

* y 7** U>ifVa -Jl'tttASttt^KMHtttt 
t>. ^©-fllib-C, -rfiwt; **ur^* 
l/>yy=i-* (KTPAG-SH4WB) «^V(MS 
■©SfflfcEttStta^Wtffch* JlftftKitS, BJ 
IB** hv-^ttKJ:0fl6tiftTOPO*«E«Mt« 

mt&fo*m&m? 6*3w*a«Hfrp* p a g - s h 
corns , &mt l cfccxw&?z&5tj;mizmiLtcm 

l>T«flrC*St|£K:tt, P A G-SH 0 

[0 045 ] frfrSEffi*3f»E«»tt<b UT«. «W 
tel, X. Peng6; Angew. Chem. Int. 
Ed. Engl. , 3 6*. 1 4 51 ( 1 9 9 7 ) K§B 

M. Bruchez Jr. 6; Sc i ence, 
2 8 1*. 20131(1998) JClSttOO^ftCCfllD 30 

■^«*l*rfT5*ft, *SC>ttC. W. Warren 
^Science, 28 1*. 20161(199 

8) fcEaoSttJcWD-c^PO^A^NnyXbSf 

*fc % Mi3©x. Pe 

ng£> ; J. Am. Chem, Soc. . 1 1 9«. 7 
0 1 91 ( 1 9 97) (CUfeSht^Si^K, HulB© 

*jUUMC»«) dtr«tB«c»»br«EflLttW«kA 

«EtKft^*TEfi»««{b^«*»*'r6»-x 
B. *m. PAG-SH*ijo*a»rifi*&tta:r 

[0 046 ] ***Effi^3aftfiJC{CfflC>6na«W<b 

ur«, tryj», ayy>, i&w**^ 

y >^£SjfSJW5Hb£», tt^*u>, *pp* 
^A, HttfbSSR, l. 2-y^oo**>«W)^ay 50 
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>{kr;i/*JMH, h^x> 4 ^>u>, 

*u>, ^aa^x ^pp^>#>3£©7?#I£ 
&fb**3B» n -^>£>, n -M 1 *!^ i/£p^* 
n ^V***>SJ©7^*7>3& V 
x*)\,x- F7tFP77 >^©Jjg)!fi&x - T 

J~fy s x£s-)l> s n-^P^V-;u x -/vT'atVb 
TA'a-Jk n-^*-/-J^ x?l>>#Vzi-)l>$<D 

^^l/7 5>, V^P^+t^Jl/7 5 > k t^^;U7 5 
f^T5X F7^>JU7S>, ^t^rV^T 5 

©S8R» 2 0 J^TIIS© 1 «7 5 t?x9)V7 5 
>, y^>U7S> t ^+VJl/7 5>, l?*{?*fr7 

~;i>7 5>, ep tf^i;y> % y> % ^ 

WT- U >«©6a«2 0«TS*©2»7 5 >SL 

Fyx*;KT5>, hy^;U7 5>. x*fo*?4v? 

Pb";U7 5>, Fy^*^Jl>7 5>, 7 

7^>, ^*Jt^7x~;|/7 3>, N-^^^fcfpy^ 

>, N-^^;Ufc^yi/> 4 N-^^ji/^u^y y 

^ **7~ y >m<D$&Ok 2 0 HTBK© 3«75> 
£t N. N-3>-rf*JWOl>A7 5 K (DMF) , N, N 
-^^^JU7-feh75 F ( DMA c ) , N-y^;l/b 4 P 

y k> (nmp) &<D7$ m#7u h>mm. 

■ tk&to^XM&bxmiLxmtoK^. 
[0 047] WE©Ett^Sa»SJ£«c*^r , ffiffiT^ 
PAG-SH©«t«»W*C4fcJ:i}, ¥WfWlM 
ffl^^aa© P A G - S H 6 C t # nj«&r * 

^>o ^SPAG-SH»S^«©»IBP«:J:D, 

xb% 0 *m*®*mmmsL*K.*svz>p a g - s h 
©tt^««^»tt^©wateE^*©ffltH»* (wt 
%) A or, as:o. 1-1 oowt%, «*tt©jftr 

*?* U < « 1 — 1 00wt% »C»*L<ttl 0^1 
0 0wt%, Sfe«F^L< «2 0-1 00wt%4-r 
^. ^SttB9*H: t ^®^«q|X^^ (NM 
R) ^IWWMll^^ h;U ( I R) , tcJR^W, *^>t> 
»^®i^*T (TG) «©«B^«T#tt©fi»«b*k: 

[0048] tjEoEtt^jaftsja*. a«- 1 0-2 
5 0*cfig©^®©fflrtf^n, «WlM)M«fb^dfe 
sj£©*stt«raw*yt«>»* u < «c©aaa6B* 0 

-2 0 0'CfIEt K«C»*b< 14 10^1 5 
^^*?^b<«2 0-1 2 0-CfI®<b"r^ e -#HIt» 
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WBMfcK>j&gfc: 0 OB#ra ( n 

*L<tt5a~70B#BL »C*?*t/<Kl 0#~50 

m. *t>»su<tti o#~3 ommmx&z. * 

P A G- S H^SI&fttCftliLSieffiCllRa&lr*. 

coo49] frfrSEtt^aafesjtB. mmoamoi 
*u>«te**s. **»4m*3aMo&©«. ka* io 

&©tt. *^«5lSa©J:b**«am©*«Mt^J; <)** 

m». Ktt«aftKi6o4ja»*d*r*«#t. pa 

G - S H«tteUM*TO©¥WMfttt?©ftttft 
f * >. 4v***>f?©gHb*£*£frWt^W) * 
toft*. fcfchfcitJSB. ¥t}>?— 5/3>9KJ:DJ: 20 

BMAB b *x >»©3MMW(t<b*SIW. * * ✓ -;k 
YV^Otf^7*3-;l/, n-:?*£y-;k tert- 

Ml, 7-fe b>mo*r b>&. i-bvt Fa77>f© 

t,»-CfeJ:l». a^Hf©@(BK«. jlSTSai 0 0~8 
0-OOHKBtt. #*L<Bft&3 0 0-6 0 0 0P|g 30 

se> H(cw* 0 < b«# 500-4000 m&m&w. 
Kit, ias«a^- 1 o~i oo-cus, j?£l<b 

0-80 'CSS. JSCCjfiF* 1/ < B 1 0 ~7 0 'CSS, ft 

[0050] [fflji^] .tmno^Mwamfa, « 

5£©<b^$jS£ ©£*rWWfl5flUB*#r 4ft¥»t 

(M*Hixft gat n»i*itm %se>tc«A-r* 40 

[005 1 ] *%m<D¥m&MW.®.*tt. *©«*tt* 

£#> u fc*ttx«T *> 3 - ;nt^©jpH i lx mmi 
ccrms r*tti6»j 

(«T*ttifflW£«r*> *«BBiOfc 
I6«**tt-r*. ft*tt©j^^%SgfflK»*&x 
»y-;U©S^-c*0> )?*i/<B*©*Bi*!3 0 
M«a±. KKBSO<tt5 0*M9<6l±-C**. * 50 
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mmm#m&*itsG? mm* 

C©*B^ K*tt£$Kc, s)<'Jtfx;l/7;l/3-^ 
(PVA) . x*U>-tfx.H/7;P3-;l>£a£# (E 
VOH) , «WJi?I/W^F (PEO) H 
©•WcttttfflK KfflMMMI. BMtKubW. KffiN. W 

[0052] xttQimmw&Ht. &M<D®m-? 

t>. C©«^fefHB©ffiS©8S»PSiJ^4ftJ^.-c«*>J6c 

*»w©*s»*iafflti^*ffis©»iit4i*o 

©fft.©^-CS^-T2.m **l>BS¥i*{*iH»t& 
*£ffi§:©ttflii-? h g HKiE£L 

[0053] $WWfltt?«£f®MfII&a*'r«# 

jnw>^u»h. »*, ^u-^^i^ftjiisiai 1 ©^ 

^«±©!lg«:*s(,>r^Bi ; feSD^'C^Iilibfc^pj^ 

X i"J a *©«#««©^«CCBiWBR ttft 0ML B 
rWfflffl«©#A»fSr^b-r* fcibJC x- ■* > ^ •< 

*>«tottl>. »6*ifc»«HISS«ttxh5>F. MM 
"*t/» h», ttS©J^KT?«l3tULr#to& 

[0054] BSS»^u> K©*tt& UTB, l»Bjffltt 

«ii©^u5h. yu-^mt^mwmwim-o 

*©B. 7K J f»7^3-;l-!li^©7KKS4Wr€»^!® > f 
'J y >«©^S3R5?#^t^, THF-^1. 4-S>* 
*^X»©»K*-f-Jmi, ifUfl/V-f'i'BnW 
A^©^ay>fb7;i/*;HS. dmf^nmp^©7 5 

fSSffi. *<E.^B'>*0^^>«f©««S«tfi{cRS 
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p-r-feh+^^u>, fcr^.;i/^7^u>, 2-10 
fb£«j> y;i>Birf*Jk r*y;«x*;b % r*y 

WJWxfA, >£#y;l/&:^;k .y**yji>K 
tFa+V*^ ^^^y;VK^>^;K j*** 1 ;^ 
&y*x;K y;l/Kyj^;^>^^;b, 

yjm-fyjjoi/xjK y#^>;jmr*^>*Jk r# 
y^7 5F, -rf**yjW75F, r^ya-hy^K ^ 
* # y a ~ b y ;i#©r * y * * y ^mob* 20 

y F>*N-^iii/***!/y>*DN-txjwfcA« 
^©^^m^-tt^y v- s thf, ^oeu>*t 
^F\ xb^aatF'J>fo»«j:-^g, c-ii 

[0056] BuietD^y v-atctt, (NKcjecrsw 

^>!7J«^tt(D2B»ffJi Lt^^^M>t'> v F y tr 

x;^>-fe*>, ^txjbtys?>«©^r#Ktrx;Wb^ 
«j % t?X7*y o-fo*t/x*> % *o*xy*y F- 
;KE>t*F5*x r^y^Kx^^;v, -<>£x 
y*yF-;NDFy* r^y;«i^f;W 

[005 7 ].^i^a^^flqrFT^57^*;u 

mmit b xm&<D ? )im&&* y v - icm&® 

h(0, Wittfrytr^-fy^pxF y;i/ (a 1 bn) 

©^*;u»£SL Miiaaim^hy^A. 50 



WB2 0 0 2-12 1 54 9 
22 

^-2-^f;l/7 5^ - 1- (4-WJ^7ii 
)l) ~7*ty- \mOT^ /7-fe F?*y>3& CDfife, 

risk**?* >**ism%i>m*m-c<bz>, 
[0 05 8] m^mMommmmm^mc^ 

^^^«>^) «3&sffifflsna. *»W7;*wt ? 

[0 05 9] WIB©eSO«tI6fflfiS«5C>ISJiXgk:*J^ 
[0060] 

4*, JSttKXH:. ttfcBIW&HKQ. A 1 d r i c 

tl/fc. 

[0 06 1 ] tt« F*x> • • • «tK& *s SSfPSW 

mt^?»m?mb, £«^-y> (p,o,) san*. 

^EfcTgJg&SLfcfctD, XBA ldric htt«fc 
Ottl&Shfe^* ( TAn hydrous j ) ^U— F 

[ooe2]*i»fifb^^u>- • • sultry > (P 
,o.) riwiufca. cc*6*siE(cTBsaBiu 

( 1 ) ttflB^ql (NMR) F;U : B**ftt« 
JNM-EX2 7 0MFT-NMR ( 4 H : 2 7 0MH 
z, 13 C:6 7. 8MHz) . mKtttt(cK6«tlr«0 

;^9>ft0p pm*fJHiLr23XIK:ra3EUte. 

(2 ) fflMm ( I R) ^-^^ b)l : B*^3fel*tt» 
FT/ I R ~ 8 0 0 0^F T - I R 0 2 3 °C(Cr»J3EL/ 
tc 0 

(3) Xmmtr (XRD) ^^h>U: y*^ (ft) ff 
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R I NT 1 5 0 0 (XttR:ffiKaflL ttS 1 . 54 1 
8A)„ 2 3-Ctcr«95£Lfco 

(4) mmm^mm (tem) mm : Haiwisr 

(#) $!H - 9 0 0 0 UHRajMVHRflM (MIH 
E3 0 0 kV, WSW«)Katt»7. 6xiO" 9 Tor 
r ) CCTtTofc. 

(5) 3t»«8»* (PL) X^* : BttMffifi 
(#)«F-2 5 0 0S»*3t**ttffK:T, 
Xt-F80nni/», MOM*!/? h5nm, £»J 
^'J^h5nm, 7*h7jHE4 0 0V^frt, * 10 
RSI cm©C38B-fe^tffll>TaflT«3eofc. 

(6) ; t ^-U? h'*ytJ-FtiMH 
P 8 4 5 3M#tff ■ liaBbbfcffttJcr^W-fe^iffl 

(7) (»ll#«f (TG) :-fe-f=i-^>^^;W>^ 
(#) «TG-DTA32 0(CJ:0, 2 0 0mL/^(D 

/a, 140 wmu 3 o ^^rsmraue 590 

°C (f>^<MWI([B8 0 2-6 0 3°Cfig) 
T&S 1 2 0#©*#rfTofc. 20 
[0 063] : 
&ami : CdSet^«a(^« 

(WTTOPOiiSIE; 4g) *Ati, v^**?** 

*aj*rc, ; 0. 1 *) * h 

(WTTBPiBgfB; 6. 0 14g) 30 
«lj6»Ufe«<*(C»C^^* F 5 ■> A (St rem 

Chemical tt:97%;0. 2 1 6 g ) 
*»LytJHlsK6«A* % rfA^ (Aldri chtt*>6 

$A<D-g|$ (2. OmL) 4, UfBOTO PO©Ao/c 

ttBMI&Lft:. ^Htt2 0^(cM*N&ltt5 0 
*C^^$n/cB$^rffiliF^x> (2mL) &&Jtt8 
TflnAT#JRU Mfc«WB©»IM*-'-JU ( 1 0m 40 
L) 4aAbT^®££D3iifc„ CtiDTMMtitiCji 
#81 (3000rpm) U a >KJ:*)± 

S*B*l»*UTa«u Sttccr»i4i9illlXSKjR 

[0 06 4] C©BJB«^©XRD*^* h;WC*Jl> 
Wurtzit efflCdS e*S*©0 0 2BStf 1 

1 0fflCC»«Sh4HJrt-^*IHHL^Ci*6Cd 
Se^^*Sft©4J««rttB0^:. *fe, C0CdSet 
^ttJM>T«M^ % TEM|I^CCj:ntf^4nm'C$) 
->fc. CCDCdSe^-/ttatt, «HF;l>x 50 
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t,vt\ 3 6 6 n mm&omffltimtZtmLQftft 

» (tr-^tfiS5 9 5nm 4 *ffiifI4 3nm) 

fc. 

[0 06 5] ^JflEW2 : ZnS^^**t5CdSe 

B. O. Dabbousi^; J. Phys. Che 
m. B, 10 1*. 9 46 31 ( 1 9 97) fciBtt©* 

*X#Hfil©»e^7^«O3P7 7X=itfi(cT0P0 
( 1 5 g ) *Aft, MET 13 0-150 T:r©j8ttK 
»C»2«IB8lffbft:. CCDW, IMr«&N&0*« 

&«7;t>:J>#*K:J:*) 

vtbxmimm^ ^jutwfecdsetyiwi 

<DHJ$»#(0. 0 9 4g)Ohy*m*X7-f> 
(1. 5g, HTTOPiKE) JfflBtUDiLr, CdS 

e * st&Si&&tsm}®$i&tc. cn^ i o o vom 
etvw^s o#nam ms* i s o xkcbbeu 

3R*ffl»©yo-y#^^xrt"C % ^x^;l/SIS©lN 
i*an-^*1f>jeiS ( 1. 34mL:l. 3 4 3 V * 
)l) ifcTX (h Vjtf-JlUVfr) XhVA F (0. 2 3 
9g ; 1, 345 ££TOP (9mL) KJgJfP 

jstssiRB awscc «t t) , ma© 1 8 o *c©c d s 

et^^^WMJCE O^WTITU 9 
O-CKKfifttt 1 «IHI«¥««jRl/^. 1 4 8$ 

Wlim SO'9 0 ft Cr3B$^D^ffif$L/c o MM 
A 1 d r i c htt*>6«*&SnSji*^U- 
F(99. 8%) On-^^;K8mL)4S6» 

[0 06 6 ] co^ftfcifcfctt, JI¥4©t?X (>y>* 
;U5/!W a;^* F»©««{b^»flWMlttft< 1 ft 

teC d S e * ^*SS©«««:»C(DJ: 

a^fcor. feed s e^^iss«nr©*iau*:iwt 

[0 06 7 ] C<D»fi»«©-» (8mL) 4, KMB 
3R»i»T, Sfir«»^d?y-;U (1 6mL) *^C?iST 
02 0^HIJgff%ffliK^€>ttlSaf^iD^a^«J* 

^>f--^a>(CctD»«L % fSSh;Ux> (1 4m 
L) KW§8?Uc 0 C©S»»F;l/x>»««:ffl^r, 
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M^feOflHRhJUiVft**^*. CUC4 6 8nm& 
SOaS3t4M»-rS<!:^fe<D«^ (tf-*««5 9 
7nm, *«B4 1nm) *4*fc 0 C©»3fettlSISS 

®&m&&tzto^x % &mm 1 rt#/cc d set ^isis 
TOPo©TJU*;i'»«:4*'rai**6na3o©» 

iK3#£2 9 4 0, 2 9 20. Rtf2 8 5 0 c nr l fc^*. 

[0068] ««M3 : ZnO^^«»D^JiS 
gJIEL. S p a n h e 1 6a©X«E«©*ftK: 

2*ffl»(0. 8 7 8 9*)'&»3fc0fc;tf*x:75*3 
rtrxdry-jU (4 0mL) «cjSJ»LSaR^X^^ij> 

T»«*ftH»Uxd?-/-;KO-» (2 4mL) *3RHU 

t*StS*t*i)»*Lfc. »fi*£ffl«:RLTx* 

(2 4mL) CCte*V*fl3* (ft) * 

e>ttH&snfc*M{fcy^^Ai*w«j (o. 2352 
g) o»**j»iLr 1 o»iwawwHWOT»b©a(r> 

j8**f#fc. C©»jR©ftJR^^^h;U«3 14nm«: 

^*w**x*vh>«H»t«i/fcci*6 1 arc 

*S*iB$S<D i * 0 Z n 0 + JH^kmOL LX^ZCttfi 
to*>-*fc. £tcZ<D®mt, 3 0 On mOffliiiifcfcJ: 0 
49 6nm«:S**Wri^o- K4*6JfcS*4*.fc. 30 
[0 069] [gftfl] 

Jtmitimfrhmstitc 3 - y 7 h ^a;OU 
(4. 32 g) <t h yxfi/>yj3-M^^x 
-irJU (fcTFMTEGiBK: 1 0 4. 16g) , M 
iSffij© (0. 6 3g) Z&tim&mB&OyyZxftK 
■£U 6 0Xr8»$L«C#6 1 0mmHg«T£>E# 

a (HWCfb^tt) *Jjp*T«ffiKacc 40 
«fc9MTEG*«* (1. 5mmHgOJE*KlM 

si 00-103*0 or«»u 

7A3D7h^77^ (n-^t>/7-feF>=7 5 
/2 5~6 0/4 0r?§aj) fc<fct)«»Ufc. f#6n/c 
*J*»W\ I RX^^ h;Utctel>T 1 7 3 0 c m~HCx 
Sl>'28 7 Ocm- 1 0t , -^i2 82 Ocm 
^©JUMttfS 0 5 0-2 6 5 OfCfrttTO^O-Ffc 

«wcmt e G©es<t*«fliJiap»cc**i*n»jiisn 
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^i^flfc^fcOT, @W<h*r£3-;OU#:/h 
r/o;OBM>MTEGx*?-;U (WTMTEG-C3S 
H<tBglE) *#«U/ctOitga&L/c. 
^-NMR^^HH 2. 64 ( h «J^U» K 2 
7'nb>, J = 7. 3Hz, JHf4*Jl/#>»«»4*© 

2. 8 1 <MJ:/l/?h 2^DF> ( 
J = 6. 9Hz, JSW*;U^>K3S»S*CD>^U> 
S) , 3. 3 8 {uyv\s*> h 3 7'Ph>, 

S) , 3. 53-3. 58 (V)l*7\s<y h 2 7*nh 
» , 3, 63-3. 73 (vj^^b^ h, 8^PF 
» , 4. 2 6 (h 'Jr/l/* K 2^0h>, J =5. 
0Hz, xx^;WS^«:|»8-rSMTEG»S(0y^l/ 
>«) . 

[0 0 7 0] ftfe0J2 :MTEG-C3SH*|*AUte 
^rt«2-Cf|fcZn S5/*Jbt*-r*Cd S e^y*Sft 
7XggrtT|g^^#HmTfSSih;Ux> (2mL) 

tc«»u H«ca«*^^u> (l OmD tJoitr 
«S— «Wi O^t. Cft*Sflm#L&#6, MINI 
-C^«UfcMTEG-C3SH (0. 2 9 g ) <DffHtt 

OS, fl«hJbx> (6mL) £iijrau ttftojURtt 
Tl OOTIfcMl/TWfc^^u^SrB^-rSiifcfc 
4 5»Mttf*b. S««:?&*PLfc. C fa9 
«8«©n-^*tf> OSiEifc* (ft) ) ta^., 
n^^SPBl *OTB^«« 1 H»«c»t^Mli ^* >f— 

««r»fc. &4b\ TOPO**VBi«l©MTEG-C 
3 S H«<DW«PF3»»«, h;l/X>/n-^*1?-> 
(1 : 9gfflt) JB^iB«l«CflI*Xtt»»T*©T, C 

[ 0 0 7 1 ] C 5 LTflfcEKI£AMa. 5 0M%(D 
x^ y-jU*MR^©«IWtti«*IB (BiB»54 6 8 

B3 9nm) *«Ma«Ar^fc. *te 4 C^Ur?f/c@ 
ft£»IR^^h«, ffifflb/cMTEG-C3 
SHfi*CDX*;r;U8 (1 73 0 cm" 1 ) R»«Mb*3R 
»J6a5» (2 8 7 0 cnr 1 <D£-*<t28 2 Ocr 1 © 
M^:^03 0 0 0-2 7 5 OCC^^T^n- 

2ra^fcT0P0©T^*iHI«:4*r*i#*.6ti 
»3o©|Bl>iajRt-^ttllWShft*»ote©r, MT 
EG-C3SH*«TOPO ^rg!^ B2{4<b b/c*^f* 

[0 0 7 2] Htt«l3 : 1 1 
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MTEGxX7\rt,©£)& <DIRZ«?VM*> QfflbtcMTEG-C 1 1 SHS 

1 1 )it}? h v ^rtjyw ( i . 7 o g ) t-mw *<Dxzr>\>&RvmbHfim&mt l czh?ftm3 

lf&fflUcMTEG (50mL) , RD-'iSKf! (H« tlZmffi*^ b^feWiao^ljS^a-Cl^/cTO 

S£U 6 OmmHgfeiTCDE^J HHV-^mMZtittfritctDV* MTEG-C 1 1 S 

T©iiEK*%?5^i^3 6 Stffltf £fS$£*S© H#TO P OSrg&l-Tie&i Uc^igftjtlSStti-Wjf 

7X*Kffi}fl/JS^6^^tCjD^r?ffc«ra!a : &n-N+ 6fi/cfc©4:t;t6ftfc. C©lft^fiS^©W^«^S 

i>->/»i$x*;l, (&K*&iBt3S (ft) ) M£mv® Zm&7 GlC&*)mmi,tctC52 QMM%V$>itc. 

wu c<Dft®m&tta&*., ^v^vmb, m, comw^jmox^^-mwi^v^m.^^ 

mt\-<)VA±vftm®m&LxmL>< ssrxsig 10 >=>-h-r&4. mtxDt^&vmmsis c© 

mite c<D&im®®mt2 3-ci l ci5^-ci. 009 mmtm3pi®<D&%&imi>tc. 

r*ofc„ £/cC©£l»tt> I RZ-^{> hJKC4jl/»"C [0074] HJS055 :MTEG-C1 1 SH£*S£L- 

1 7 3 5 c m- 1 CCx^f £^2 9 2 0 c nr 1 4 2 tcm#i£.mft*<DGl& (•?•© 2 ) 

84 5cm- , ©b--*%^tjMTEG4*©^fc*lg» £$0J3 rfffcZ n 0^i£li££WTr*&ffi©im 5 

jgK-en?n^§ji3n.s©jR^*4^/c. hk'h-n cctcn^Js-c^sst/cMTEG- 

MRX'** f-MCte^T, &$-f iJ^fc^&flljifc^ CI 1SH (0. 2000g) fcJJB*. mflk%Ei$T® 

(5)©i i-^A*^F7 , DA>i©MTEGi^7- tm <.m frt>m&zhtc-bj\,u-zmmrmuc 3 6 

>\> (6TFMTEG-C 1 1 SH4BSSE) Zmttbttb® - 3 2 - 1 0 0 m&7C : V I S KA SE SALES 
4tS§ftL-7c. 20 CORP. . **oi^e©23i^fi©JdRffl»l 

'H-NMR^^f h;U : 1. 25- 1. 6 7 (VJU* 2 0 0 0 ~ 1 4 0 0 0 ) Ox * -/-jUKJ; <5j&W 

VUvY. 18 t/CJ h>, IU»HtM) 2. 3 3 ( h WSJ OrigS-*>jafJS©MTE G-C 1 1 SHI?©ffi# 

U?b. 27'nf->, J = 7. BHz. ^Sttefifc* t fc. ffiSSUfcx* ^-^}ffi*SBEjftffi 

g|S4*©y9=-0>S) . 3. 3 8 ('»^U?>h 3 UrffAigHStt. x*y-;l,«:S«WpJS8raU©<Cl,> 

J***) . 3. 54~3. 5 8 <v*^^ 8jR*4*.. 0*>6£fiXfl3©x*i/h>»iR?|46gf 

l/»h 27*nh>) , 3. 6 3-3. 7 2 (VJU^T* UTUfc. ^fSit«ffl3 iOtt«*>6, *£Mfffl© 

h 8^nF», 4. 23(hy7"U?h 27* £j$$&l«MTE G- C 1 1 S HfcHBBK:*S£t/fcZ n O 

Bh>, J = 5. 0Hz. xzrm&dcm&tZMT -c*0. c©SS*«:«k»)^^^©)SSK:#^x+^h 

EG8SS©.* . >©iR$©^{km±3ttL^fcx*y-jU^©S&)S? 

[0 07 3] HJfe0l4 : MTEG-C 1 1 SH£*££L- 30 L.fcfc©4**.e>hfc. 

fcmmmsLf-o^m^oi) [0075] [jt®w 

£$01 1 Rtf£jsmKie«©*amcj: 9 *§/cz n s ^ Hem 1 : to pom£vtcm#m%L*<Dm& 

xWWfSCdSet^S(0. 5g)4, ISf <*©1) 

HstTx*>--^ m) . 8mD smi ©c d s e ttmmmwi 

Ur^fStl/ft*!?.. CClcj?^3T^fiSl/rcMTEG x* ^-AXttS OSS%©x$y-;U*^tfj 

-C11SH(0. 4g) *toAil*J2 OtflM&jgfci* ?MS^l/t ©&l>Si£*W«c#>-3fc. C© 

tffc. CWJJDJSSSSK^D. *««2©*aH*^-/|Sft C4#>6, K*tt©^^TOPO**tSi3^iO-Clg 

*s^ft)Si)©%^^fex$y-;l/SSr ; &^fc. 5 £OT(,>*fc«>. r;l/3-;HS^*tt^'s©»l5(tt*! 

i*W*«EJi»Lr»^a»c3IE*«2rfl6ffli/fcn - «KKW,»C4*«t>*»->fc. 

^+^>*j»*rtt20#IBtt»JW««l/"C»tt3tt. 40 [0 07 6] tt««2 : TOP 0«**U)t*»ittB» 

%b»-CB6ft1l (4 0 0 0 r pro, 8£flD) hftiS? tttFOftflftt (*©2 ) 

— >3>(c«fc*)^^*^9tb/c. tSOT^fitWc* &fiSm©ZnSi/x;U£WT£^>'&Si*i#4f S 

»»*aillhJl/i>*cW6)|?l/. #jl 0(g&S©n-^ ^tt81ktt?tt. if ^-;««5 0Ii%©i$y 

(di-WHIt 4 issXXLWjMLIc. C©S *>-»fc. C©C4rt>6. »*tt©5ll,»TOPO%iSttE 

y-^Xti5 0Sfi%©x*y-;U7k^(Cg|!?U-C8i [007 7 ] JttftRS : *iBtt**IS6L"Cl»ttl»* 
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[0078] [<t*«ScEtt©ff«] gfi&fr-C. 
m 2 KcnOKft 4 V*fe49MtBfltt?<D x * -/ -A* 
«*C 1 0«KMfciC6, fr#«3 OfMHrtfc* 
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±t m%k*&m z c t -3 tc. 

[0 07 9] 

tc, *©jg?K©&fc(CJ:9, »»3©&t>:$»&JfeJI!t*-5 



